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Abstract
We propose a new non-universal U(1)′ extension of the standard model with the
addition of three exotic quark singlets, two scalar singlets and one additional scalar
doublet. We obtain family dependent couplings with a new Z ′ boson in the quark
sector and universal couplings with the lepton sector. From experimental data on Z ′
research at CERN-LHC collider, we find limit regions in the U(1)′ free parameters (Z ′
mass and coupling constant), which we use to obtain total decay width and invariant-
mass distributions. By introducing discrete symmetries and mixing couplings between
ordinary and exotic fermions, we obtain predictable mass relations in the quark sector
compatible with the phenomenological values without large fine tuning of the Yukawa
couplings and with few free parameters, where hierarchies between quark families can
be understood from the existence of heavy beyond standard model particles.
1 Introduction
Models with extra U(1)′ symmetry is one of the most studied extensions of the Standard
Model (SM) [1]. There are many motivations to consider this kind of models. For example,
many grand unified and superstring models contains one or multiple extra U(1)′ symmetries
in the effective low energy limit [2]. In supersymmetric extensions, an additional U(1)′ factor
may suppress the µ-term at tree-level, and provides a mechanisms to generate an effective
µeff mass through the addition of an scalar singlet [3]. Non-supersymmetric extensions gives
rise to a variety of models [4, 5] (models with dynamical symmetry breaking, little Higgs,
extra dimension, left-right models, etc), which involves a wide number of phenomenologi-
cal and theoretical aspects, including flavor physics [6], neutrino physics [7], dark matter
[8], among other effects. A complete review about the above possibilities can be found in
reference [9].
In particular, family non-universal U(1)′ symmetry models have many well-established
motivations. For example, they provide hints to solve the SM flavor puzzle, where regardless
∗e-mail: remartinezm@unal.edu.co
†e-mail: faochoap@unal.edu.co
1
2 R. Martinez, J. Nisperuza, F. Ochoa, J. P. Rubio
that all the fermions acquire masses at the same scale ν = 246 GeV, experimentally they
exhibit very different mass values. These models also implies a new Z ′ neutral boson, which
contains a large number of phenomenological consequences at low and high energies [10].
Limits on Z ′ resonances have recently been published at CERN-LHC collider by the ATLAS
and CMS collaborations, which push the lower mass bounds to the order of 2 TeV. In
addition of a new neutral gauge boson Z ′, an extended fermion spectrum is necessary in
order to obtain an anomaly-free theory. Also, the new symmetry requires an extended scalar
sector in order to i.) generate the breaking of the new abelian symmetry and ii.) obtain
heavy masses for the new Z ′ gauge boson and the extra fermion content.
On the other hand, these extensions usually possess specialized Two Higgs Doublet Mod-
els in the low energy limit, where two scalar doublets φ1 and φ2 are introduced in order to
generate the appropriate Yukawa couplings that provide masses to all fermions. However,
these type of models predict huge flavor changing neutral currents (FCNC) and CP-violating
effects, which are severely suppressed by experimental data at electroweak scales. One way
to remove these effects, is by imposing discrete symmetries, which restrict the Yukawa terms
and produce additional effects in the hierarchical structures of the fermion masses.
In this paper, we construct an anomaly-free and family non-universal U(1)′ symmetry
model with two scalar doublets and the addition of three exotic quarks and two scalar
singlets, one of them being candidate to dark matter. In section 2, we show some properties
of the particle content of the model. In section 3, we construct the Higgs potential, the
Dirac and the Yukawa Lagrangians. In particular, we obtain the mass spectrum of the
scalar and the neutral gauge sector, including Z − Z ′ mixing terms. Section 4 is devoted
to study some couplings of the new Z ′ gauge boson and some phenomenological studies at
the LHC Collider. In particular, we perform a Z ′ production analysis on pp → Z ′ → ff
dispersions, where i.) limits on the Z ′ mass and the U(1)′ coupling constant are obtained
from experimental limits found by the ATLAS collaboration in dilepton final states, and
ii.) invariant-mass distributions in tt dispersion is obtained. We also construct the Yukawa
Lagrangian, where zero-texture mass matrices for the quark sector is obtained by using an
specific Z2 × U(1)T3 global symmetry. We found that three quarks (up (u), down (d) and
strange (s)) acquire masses at the MeV scale, and three quarks (charm (c), bottom (b) and
top (t)) exhibits masses at the GeV scale. Finally, in Sec. 5 we summarize our results.
2 The Particle Content
The proposed model belongs to the class of models with one extra non-universal family
U(1)′ symmetry which we label as U(1)X . The particle content is composed by the ordi-
nary SM particles and new exotic non-SM particles, as shown in Tabs. 1 and 2, respec-
tively, where column Gsm indicates the transformation rules under the SM gauge group
(SU(3)c, SU(2)L, U(1)Y ), the column U(1)X are the values of the new quantum number X ,
and in the column labeled as Feature we describe the type of field. This spectrum exhibits
the following properties:
- The U(1)X symmetry is non-universal in the left-handed SM quark sector: the quark
family i = 1 have X1 = 1/3 while families i = 2, 3 have X2,3 = 0. However, the
3corresponding right-handed singlets are universal. In this work, we use the normal
assignation, where each family qi correspond to the phenomenological family, i.e.:
U1,2,3 = (u, c, t), D1,2,3 = (d, s, b). (1)
- The SM leptons are family universal but with nontrivial charges X .
- The scalar doublet φ1 also has a nontrivial charge X .
- The three extra singlets T and Jn are new up- and down-like quarks, respectively,
where n = 1, 2. They are quasi-chiral, i.e. chiral under U(1)X and vector-like under
Gsm
- We include new neutrinos (νiR)
c and N iR which may generate see-saw neutrino masses
in order to obtain a realistic model compatible with oscillation data.
- The spectrum includes an additional scalar doublet φ2 identical to φ1 under Gsm but
with different U(1)X charges, where the electroweak scale is related to the VEVs by
ν =
√
ν21 + ν
2
2 .
- An extra scalar singlet χ0 with VEV νχ is required to produce the symmetry breaking
of the U(1)X symmetry. We assume that it happens at a large scale νχ ≫ ν.
- Another scalar singlet σ0 is introduced. Since it is not essential for the symmetry
breaking mechanisms, we may choose a small VEV 〈σ0〉 = νσ . ν, Thus, this singlet
can work as dark matter candidate.
- The extra neutral gauge boson B′µ is required to obtain a local U(1)X symmetry.
- We define the weak hypercharge Yf as usual, where the electric charge follows the
Gell-Mann-Nishijima relation:
Qf = I3 +
Yf
2
(2)
with I3 the isospin defined for left- and right-handed fermions, according to Eq. (27).
- A fundamental condition of the model is the cancelation of chiral anomalies. Since the
new symmetry introduces an additional gauge boson, there arise new couplings that
induce the following nontrivial triangle anomalies:
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[SU(3)c]
2 U(1)X → A1 =
∑
Q
XQL −
∑
Q
XQR
[SU(2)L]
2 U(1)X → A2 =
∑
ℓ
XℓL + 3
∑
Q
XQL,
[U(1)Y ]
2 U(1)X → A3 =
∑
ℓ,Q
[
Y 2ℓLXℓL + 3Y
2
QL
XQL
]−∑
ℓ,Q
[
Y 2ℓRXℓR + 3Y
2
QR
XQR
]
U(1)Y [U(1)X ]
2 → A4 =
∑
ℓ,Q
[
YℓLX
2
ℓL
+ 3YQLX
2
QL
]−∑
ℓ,Q
[
YℓRX
2
ℓR
+ 3YQRX
2
QR
]
[U(1)X ]
3 → A5 =
∑
ℓ,Q
[
X3ℓL + 3X
3
QL
]−∑
ℓ,Q
[
X3ℓR + 3X
3
QR
]
[Grav]2 ⊗ U(1)X → A6 =
∑
ℓ,Q
[XℓL + 3XQL]−
∑
ℓ,Q
[XℓR + 3XQR] (3)
where the sums in Q run over all the quarks (ui, di, T, Jn), while ℓ runs over all leptons
with nontrivial U(1)X values (i.e. e
i, νiL, (ν
i
R)
c). It is a matter of arithmetic to show
that the U(1)X values given in Tabs. 1 and 2 are possible solutions that cancel the
above anomaly equations.
3 The Lagrangians
Taking into account the above particle content, we may construct the complete Lagrangian
of the model. In particular, we show the Higgs potential, the mass spectrum of the neutral
gauge sector, and the Dirac and Yukawa Lagrangians.
3.1 The Higgs Potential
The most general, renormalizable and Gsm × U(1)X invariant potential is
V = µ21φ
†
1φ1 + µ
2
2φ
†
2φ2 + µ
2
3χ
∗
0χ0 + µ
2
4σ
∗
0σ0
+ f1
(
φ†1φ2σ0 + h.c.
)
+ f2
(
φ†1φ2χ0 + h.c.
)
+ λ1
(
φ†1φ1
)2
+ λ2
(
φ†2φ2
)2
+ λ3 (χ
∗
0χ0)
2 + λ4 (σ
∗
0σ0)
2
+ λ5
(
φ†1φ1
)(
φ†2φ2
)
+ λ′5
(
φ†1φ2
)(
φ†2φ1
)
+ λ6
(
φ†1φ1
)
(χ∗0χ0)
+ λ′6
(
φ†1φ1
)
(σ∗0σ0) + λ7
(
φ†2φ2
)
(χ∗0χ0) + λ
′
7
(
φ†2φ2
)
(σ∗0σ0)
+ λ8 (χ
∗
0χ0) (σ
∗
0σ0) + λ
′
8 [(χ
∗
0σ0) (χ
∗
0σ0) + h.c.] . (4)
When we apply the minimum conditions ∂〈V 〉/∂νi for each scalar VEV νi = ν1,2,χ,σ, the
following relations are obtained:
5µ21 = −
1√
2
(f1νσ + f2νχ)
ν2
ν1
− λ1ν21 −
1
2
(λ5 + λ
′
5)ν
2
2 −
1
2
λ6ν
2
χ −
1
2
λ′6ν
2
σ,
µ22 = −
1√
2
(f1νσ + f2νχ)
ν1
ν2
− λ2ν22 −
1
2
(λ5 + λ
′
5)ν
2
1 −
1
2
λ7ν
2
χ −
1
2
λ′7ν
2
σ,
µ23 = −
f2√
2
ν1ν2
νχ
− λ3ν2χ −
1
2
λ6ν
2
1 −
1
2
λ7ν
2
2 −
1
2
(λ8 + 2λ
′
8)ν
2
σ,
µ24 = −
f1√
2
ν1ν2
νσ
− λ4ν2σ −
1
2
λ′6ν
2
1 −
1
2
λ′7ν
2
2 −
1
2
(λ8 + 2λ
′
8)ν
2
χ. (5)
With the above parameters replaced in (4), we find the square mass matrices M2R for the
real fields, M2I for the imaginary fields and M
2
C for the charged fields. For the simplest case
with νσ = 0, we obtain:
M2R =
8λ1ν21 − 2f2 ν2νχν1 2f2νχ + 4(λ5 + λ′5)ν1ν2 2f2ν2 + 4λ6ν1νχ∗ 8λ2ν22 − 2f2 ν1νχν2 2f2ν1 + 4λ7ν2νχ∗ ∗ 8λ3ν2χ − 2f2 ν1ν2νχ
 , (6)
in the basis ξ1, ξ2, ξχ,
M2I =
−2f2 ν1νχν2 2f2νχ 2f2ν1∗ −2f2 ν2νχν1 −2f2ν2∗ ∗ −2f2 ν1ν2νχ
 , (7)
in the basis φ02, φ
0
1, ζχ, and
M2C =
(−f2 ν1νχν2 − λ′5ν21 f2νχ + λ′5ν1ν2∗ −f2 ν2νχν1 − λ′5ν22
)
, (8)
in the basis φ+2 , φ
−
1 . To obtain the eigenvalues and eigenvectors, we assume the hierarchy
f2νχ ≫ ν21,2. After diagonalization, we obtain the following physical spectrum and their
squared masses:
m2h0 ≈ ν2
[
λ2S
4
β + λ1C
4
β + (λ5 + λ
′
5)C
2
βS
2
β
]
m2H0 ≈
2f2νχ
CβSβ
,
m2H0χ ≈ 8λ3ν2χ (9)
for the real sector,
m2A0 =
m2H0
2
[
1 + C2βS
2
β
(
ν
νχ
)2]
(10)
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corresponding to a pseudoscalar boson, and
m2H± =
m2H0
2
[
1 + λ′5CβSβ
(
ν2
2f2νχ
)]
(11)
a charged Higgs boson. In the above expresions, we define the electroweak VEV as ν =√
ν21 + ν
2
2 , and the angle
tan(β) =
ν1
ν2
. (12)
In addition, we obtain two charged and two neutral Goldstone bosons, which will give
masses to two charged (W±) and two neutral (Z and Z ′) gauge bosons, respectively.
3.2 Neutral gauge masses
The kinetic sector of the Higgs Lagrangian reads:
Lkin =
∑
i
(DµΦi)
†(DµΦi), (13)
where Φi = φ1,2, χ0, σ0, and the covariant derivative is defined as
Dµ = ∂µ − igW αµ Tα − ig′
Y
2
Bµ − igXXB′µ. (14)
After expanding the terms evaluated in the VEVs of the scalar fields, and defining ν =√
ν21 + ν
2
2 the electroweak VEV, νS =
√
ν2σ + ν
2
χ the singlet VEV, and ǫ = ν/νS, we obtain
the following symmetric mass matrix in the neutral gauge basis (W 3µ , Bµ, B
′
µ):
M20 =
1
4

g2ν2 −gg′ν2 −2
3
ggXν
2(1 + S2β)
∗ g′2ν2 2
3
g′gXν2(1 + S2β)
∗ ∗ 4
9
g2Xν
2
S
[
1 + (1 + 3S2β)ǫ
2
]
 , (15)
As a first approximation, for ν << νS, the terms proportional to ǫ
2 are negligible, obtaining
the following rotations:
Aµ = SWW
3
µ + CWBµ,
Zµ = CWW
3
µ − SWBµ,
Z ′µ = B
′
µ, (16)
with eigenvalues
7m2A = 0,
m2Z ≈
g2ν2
4C2W
,
m2Z′ ≈
g2Xν
2
S
9
. (17)
Since the current experimental data exclude a Z ′ boson at the TeV scales, a natural
hierarchical relation νS/ν ∼ 10 arise. However, if the above rotations are replaced into the
original Lagrangian in (13), we still obtain a Z − Z ′ mixing term, given by the following
mixing matrix in the (Z,Z ′)µ basis:
M2ZZ′ =
m2Z −13gXνmZ(1 + S2β)
∗ m2Z′
[
1 + (1 + 3S2β)ǫ
2
]
 . (18)
By diagonalizing the above matrix, we obtain the true mass eigenstates
Z1µ = ZµCθ + Z
′
µSθ,
Z2µ = ZµSθ − Z ′µCθ, (19)
with the following ZZ ′-mixing angle:
Sθ ≈
(
1 + S2β
)
ǫ2ZZ′ = (1 + S
2
β)
4g2XC
2
W
9g2
(
mZ
mZ′
)2
, (20)
while the true mass eigenvalues are:
M2Z1 = m
2
Z
[
1− (1 + S2β)2 ǫ2ZZ′] ,
M2Z2 = m
2
Z′
[
1 +
(
1 + 3S2β
)
ǫ2ZZ′
]
. (21)
3.3 The Dirac Lagrangian
The couplings between fermions and gauge bosons, are described by the Dirac Lagrangian,
which reads:
LD = i
∑
f,i
f iLγ
µDµf
i
L + f
i
Rγ
µDµf
i
R, (22)
where f iL,R contains SM and non-SM fermions. According to Tabs. 1 and 2, the SM doublet
quarks qiL have family dependent U(1)X values. Thus, we obtain the following form:
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− iLD = q1LγµDµq1L + qaLγµDµqaL + U iRγµDµU iR +DiRγµDµDiR
+ TLγ
µDµTL + TRγ
µDµTR + JnLγ
µDµJ
n
L + J
n
Rγ
µDµJ
n
R
+ ℓiLγ
µDµℓ
i
L + e
i
Rγ
µDµe
i
R + (ν
i
R)
cγµDµ(ν
i
R)
c, (23)
where a = 2, 3 label the second and third quark doublet and n = 1, 2 is the index of the
exotic Jn quarks. A sum over the indices i, a and n is understood. Taking into account the
covariant derivative in (14), the gauge mass eigenstates in (16) for the photon and (19) for
the neutral weak bosons, and the quantum numbers of the fermions according to Tabs. 1
and 2, we obtain the following terms:
LD = i
∑
f,i
f iγµ∂µf
i +
g√
2
∑
i
(
U iLγ
µW+µ D
i
L + ν
i
Lγ
µW+µ e
i
L + h.c.
)
+ e
∑
f,i
Qff iγ
µAµf
i − g
4CW
∑
f,i
f iγµ (Z1µCθ + Z2µSθ)
[
ILf + I
R
f − γ5(ILf − IRf )
]
f i
− gX
6
∑
i
[
2eiγµ(2 + γ5)e
i + νiγµ(1− γ5)νi + (νi)cγµ(1− γ5)(νi)c
]
(Z1µSθ − Z2µCθ)
− gX
6
∑
a,n
[
U1γµ(−3− γ5)U1 + 2Uaγµ(−1− γ5)Ua + 2D1γµγ5D1 +Daγµ(1 + γ5)Da
+Tγµ(−3 − γ5)T + Jnγµ(1 + γ5)Jn
]
(Z1µSθ − Z2µCθ) , (24)
where f i runs over all individual fermions (f i = U i, Di, ei, T, etc.), and e = gSW is the
electric charge of the proton. We show separately the family dependent couplings in the last
terms. In the above Lagrangian, we define the following parameters:
Qf :
{
QU,T = 2/3, QD,T = −1/3
Qe = −1, Qν,νc = 0
, (25)
IL,Rf = 2
(
IL,R3 −QfS2W
)
(26)
IL,R3 :

1/2 for the upper component of doublets: U iL, ν
i
L
−1/2 for the lower component of doublets: DiL, eiL
0 for any singlet component: f iR, TL, J
n
L
, (27)
In particular, for the weak neutral interaction we define the vector- and axial-couplings
as two types: SM and non-SM type, where the SM type is family universal and defined as:
vSMf =
1
2
(
ILf + I
R
f
)
, aSMf =
1
2
(
ILf − IRf
)
, (28)
9while the non-SM couplings is family non-universal in the quark sector. Tab. 3 shows the
individual values of the vector and axial couplings. Thus, the weak neutral Lagrangian can
be written as:
LWN = Z1µ
∑
f,i
f iγµ
[
g
2CW
(vSMf − γ5aSMf )Cθ +
gX
2
(vNSMi − γ5aNSMi )Sθ
]
f i
+ Z2µ
∑
f,i
f iγµ
[
g
2CW
(vSMf − γ5aSMf )Sθ −
gX
2
(vNSMi − γ5aNSMi )Cθ
]
f i, (29)
where a small non-SM coupling with the lighter weak boson Z1 arises. This exotic coupling
disappears if we ignore the mixing angle (i.e. Sθ = 0), obtaining the usual SM weak neutral
currents.
3.4 Yukawa Lagrangian
We find the Yukawa Lagrangian compatible with the Gsm×U(1)X symmetry. For the quark
sector we find:
− LQ = q1L
(
φ˜2h
U
2
)
1j
U jR + q
a
L(φ˜1h
U
1 )ajU
j
R + q
1
L
(
φ1h
D
1
)
1j
DjR + q
a
L
(
φ2h
D
2
)
aj
DjR
+ q1L(φ1h
J
1 )1mJ
m
R + q
a
L
(
φ2h
J
2
)
am
JmR + q
1
L
(
φ˜2h
T
2
)
1
TR + qaL(φ˜1h
T
1 )aTR
+ TL
(
σ∗0h
U
σ + χ
∗
0h
U
χ
)
j
U jR + TL
(
σ∗0h
T
σ + χ
∗
0h
T
χ
)
TR
+ JnL
(
σ0h
D
σ + χ0h
D
χ
)
nj
DjR + J
n
L
(
σ0h
J
σ + χ0h
J
χ
)
nm
JmR + h.c., (30)
where φ˜1,2 = iσ2φ
∗
1,2 are conjugate fields, For the leptonic sector we obtain:
− Lℓ = ℓiL
(
φ˜1h
ν
1
)
ij
νjR + ℓ
i
L
(
φ˜2h
N
2
)
ij
N jR
+ (νiR)
c
(
σ∗0h
N
σ + χ
∗
0h
N
χ
)
ij
N jR +
1
2
MN(N iR)
cN jR
+ ℓiL (φ1h
e
1)ij e
j
R + h.c. (31)
In particular, we can see in the quark Lagrangian in Eq. (30) that due to the non-
universality of the U(1)X symmetry, not all couplings between quarks and scalars are allowed
by the gauge symmetry, which lead us to specific zero-texture Yukawa matrices. To see this,
we write (30) in a shorter form as:
− LQ = qiL
(
φ˜1h
U
1 + φ˜2h
U
2
)
ij
U jR + q
i
L
(
φ1h
D
1 + φ2h
D
2
)
ij
DjR
+ qiL
(
φ1h
J
1 + φ2h
J
2
)
im
JmR + q
i
L
(
φ˜1h
T
1 + φ˜2h
T
2
)
i
TR
+ TL
(
σ∗0h
U
σ + χ
∗
0h
U
χ
)
j
U jR + TL
(
σ∗0h
T
σ + χ
∗
0h
T
χ
)
TR
+ JnL
(
σ0h
D
σ + χ0h
D
χ
)
nj
DjR + J
n
L
(
σ0h
J
σ + χ0h
J
χ
)
nm
JmR + h.c., (32)
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where the Yukawa matrices exhibit the following zero-textures:
hU1 =
 0 0 0a21 a22 a23
a31 a32 a33
 , hU2 =
b11 b12 b130 0 0
0 0 0
 ,
hD1 =
A11 A12 A130 0 0
0 0 0
 , hD2 =
 0 0 0B21 B22 B23
B31 B32 B33
 ,
hDσ,χ =
(
C11 C12 C13
C21 C22 C23
)
, hUσ,χ = (c1, c2, c3),
hJ1 =
j11 j120 0
0 0
 , hJ2 =
 0 0i21 i22
i31 i32
 , hJσ,χ = (k11 k12k21 k22
)
,
hT1 =
 0w2
w3
 , hT2 =
y10
0
 , hTσ,χ = hT . (33)
4 Phenomenology
To explore the consequences of the above couplings, we consider some phenomenological
predictions.
4.1 Z’ production
We consider the physics of the extra neutral gauge boson at high energy, where the mixing
Z −Z ′ angle is not very sensitive. Thus, we assume that Sθ = 0 in the coupling with Z2µ in
(29), from where Z2 = Z
′. The principal Z ′ production processes in proton-proton collisions
are Drell-Yan processes with two-body final states. In the resonance, the cross section
depends on two free parameters: the U(1)X coupling constant gX and the Z
′ mass. In order
to obtain some constraints on these parameters, we use the experimental limits on Drell-Yan
cross section recently obtained at the CERN-LHC collider by the ATLAS collaboration [11]
at 8 TeV center-of-mass energy, where cross section limits vs. mZ′ were obtained at 95% CL
in dilepton resonance, obtaining no significant deviation from the SM expectation into the
±2σ bound. Using the CalcHep package, we simulate pp→ Z ′ → e+e−(µ+µ−) events in the
framework of our model and compare with the experimental bounds presented in [11] in the
range between mZ′ = 2 and 3 TeV. Fig. 1 shows upper limits in the gX −mZ′ plane and its
2σ band, obtaining maximum values as low as gX = 0.15 for m
′
Z = 2 TeV, to values as large
as gX = 0.42 at m
′
Z = 3 TeV.
On the other hand, due to the large production rates of top-quarks at the LHC collider,
it is possible to explore the high tt invariant mass region to search for new physics as new
11
resonances, or new couplings that causes anomalies at lower energies, as for instance, the
large forward-backward asymmetry (FBA) in top quark pairs observed at Tevatron [12]. We
consider the invariant-mass distribution in the process pp → Z ′ → tt. For top-quarks, we
use the following kinematical and dynamical parameters:
- seudorapidity within |η| < 2.5
- Transverse momentum pT > 200GeV
- Proton-proton collisions at center-of-mass energy of 8 TeV.
- top-quark mass of 172.5 GeV
Taking into account the normal assignation in (1), the couplings from (29) lead to the
following partial width of Z ′ into top pairs
ΓZ′→tt =
g2XmZ′
16π
√
1− µ′2t
[(
1 + µ′2t /2
) (
vNSMt
)2
+
(
1− µ′2t
) (
aNSMt
)2]
, (34)
with µ′2t = 4m
2
t/m
2
Z′. First, by choosing variable limits for the gX and Z
′ mass values accord-
ing to Fig. 1, we obtain the invariant-mass distribution based on an integrated luminosity
L = 100 fb−1, which is shown in Fig. 2 for mZ′ = 2, 2.5 and 3 TeV, with gX = 0.19, 0.3
and 0.42, respectively. Since the limits of the coupling constant gX increase with the Z
′
mass, the resonances exhibit about the same values for the three proved Z ′ masses, while
the SM background decreases with the invariant-mass. On the other hand, if we choose one
fixed value for the gX coupling, we obtain different mass distribution for each Z
′ mass. For
example, Fig. 3 shows the three Z ′ resonances for gX = 0.19, which decrease with the mass,
but still with a small excess over the background.
4.2 Quark masses
Due to the zero-texture structure exhibit by the Yukawa couplings in (32), and taking into
account normal assignation according to (1), the model can reproduce the mass hierarchy in
the quark sector. After the symmetry breaking, we obtain the following mass terms:
− 〈LQ〉 = U iL
(
ν1h
U
1 + ν2h
U
2
)
ij
U jR +D
i
L
(
ν1h
D
1 + ν2h
D
2
)
ij
DjR
+ U iL
(
ν1h
T
1 + ν2h
T
2
)
i
TR +D
i
L
(
ν1h
J
1 + ν2h
J
2
)
im
JmR
+ TL
(
νσh
U
σ + νχh
U
χ
)
j
U jR + TL
(
νσh
T
σ + νχh
T
χ
)
TR
+ JnL
(
νσh
D
σ + νχh
D
χ
)
nj
DjR + J
n
L
(
νσh
J
σ + νχh
J
χ
)
nm
JmR + h.c. (35)
On the other hand, since (32) exhibits terms where φ1 and φ2 or σ0 and χ0 couple
simultaneously, the zero structures of the Yukawa matrices in (33) does not imply zero-
texture mass matrices. Thus, the extra U(1)X symmetry is not sufficient to explain the
mass spectrum. Thus, we assume the existence of two types of global symmetries. They are:
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• Z2 symmetries: We restrict the couplings of scalar fields by requiring the discrete
symmetries
φ2 → −φ2, σ0 → −σ0, DiR → −DiR, TL,R → −TL,R. (36)
• U(1)T3 symmetry: The U(1)X symmetry distinguishes the quark family q1L from the
others two qa=2,3L , while the right-handed components are universal. Thus, in the
absence of the Yukawa couplings, the model has the following global symmetry:
Gglobal(h
Q = 0) = SU(2)qa × SU(3)U i × SU(3)Di. (37)
In particular, the SU(2)qa symmetry in the left-handed sector remains in the model
even after the gauge symmetry breaking. However, the experimental observation shows
that this symmetry does not remain if the quark masses are taken into account. Let
us assume that the Yukawa interactions break the SU(2)qa global symmetry, but an
U(1)T3 symmetry remains only in the left-handed down sector, under which
D2L → −D2L, D3L → D3L. (38)
Thus, by requiring the symmetries (36) and (38), the mass Lagrangian (35) becomes:
− 〈LQ〉 = U iL
(
ν1h
U
1
)
ij
U jR +
[
D1L
(
ν2h
D
2
)
1j
+D2L
(
ν1h
D
1
)
2j
+D3L
(
ν2h
D
2
)
3j
]
DjR
+ U iL
(
ν2h
T
2
)
i
TR +
[
D1L
(
ν1h
J
1
)
1m
+D2L
(
ν2h
J
2
)
2m
+D3L
(
ν1h
J
1
)
3m
]
JmR
+ TL
(
νσh
U
σ
)
j
U jR + TL
(
νχh
T
χ
)
TR + J
n
L
(
νσh
D
σ
)
nj
DjR + J
n
L
(
νχh
J
χ
)
nm
JmR + h.c.
−〈LQ〉 = U iL(MU)ijU jR +DiL(MD)ijDjR + U iL(k)iTR +DiL(s)imJmR
+ TL(K)jU
j
R + TL(MT )TR + J
n
L(S)njD
j
R + J
n
L(MJ)nmJ
m
R + h.c. (39)
where the mass matrices are:
MU =
ν1√
2
 0 0 0a21 a22 a23
a31 a32 a33
 , MD = ν2√
2
 0 0 00 0 0
B31 B32 B33
 ,
MJ =
νχ√
2
(
k11 k12
k21 k22
)
, MT =
νχ√
2
hTχ ,
S =
νσ√
2
(
C11 C12 C13
C21 C22 C23
)
, K =
νσ√
2
(c1, c2, c3),
s =
ν1√
2
j11 j120 0
0 0
+ ν2√
2
 0 0i21 i22
0 0
 , k = ν2√
2
y10
0
 . (40)
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We see that in absence of mixing between the ordinary and the exotic sector, the matrices
of the SM quarks have the form
MU =
ν1√
2
hU =
0 0 0∗ ∗ ∗
∗ ∗ ∗
 , MD = ν2√
2
hD =
0 0 00 0 0
∗ ∗ ∗
 . (41)
which exhibit three massless (m0u,d,s = 0) and three massive (m
0
c,b,t ∼ ν1,2 ∼ GeV) quarks,
while the non-SM quarks acquire heavy mass values (m0T,J ∼ νχ ≫ ν). However, if we
consider the contributions due to the mixing mass matrices s, k, S and K, the extended
mass matrices are
M ′U =
 MU | k— — — — —
K | MT
 = 1√
2

0 0 0 | ν2y1
ν1a21 ν1a22 ν1a23 | 0
ν1a31 ν1a32 ν1a33 | 0
— — — — —
νσc1 νσc2 νσc3 | νχhTχ
 ,
M ′D =
 MD | s— — — — —
S | MJ
 = 1√
2

0 0 0 | ν1j11 ν1j12
0 0 0 | ν2i21 ν2i22
ν2B31 ν2B32 ν2B33 | 0 0
— — — — — —
νσC11 νσC12 νσC13 | νχk11 νχk12
νσC21 νσC22 νσC23 | νχk21 νχk22
 .(42)
which exhibit non-vanishing determinant, providing masses to all quarks. Thus, due to the
mixing components, the mass matrices M ′U,D exhibits three eigenvalues at the scale mu,d,s ∼
MeV, three at the scale mc,b,t ∼ GeV and three at the scale mT,J ∼ TeV.
To explore the consequences of the above mass scheme, we consider an specific simple
structure of the matrices in (42) from the naturalness criterion that the Yukawa couplings
have similar values to each other. To achieve this without spoil the mass structures, we
assume the scenery where the mixing terms are diagonal (c2,3 = kij = jij = Cij = 0 for
i 6= j, while ν1j11 = ν2i22 = hD and C11 = C22 = ΓD), the MU sector have identical Yukawa
components except the top coupling (i.e. aij = YU for ij 6= 33 and a33 = Yt); and MD have
identical components (i.e. B31 = B32 = B33 = YD). Thus, the matrices in (42) become:
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M ′U =
1√
2

0 0 0 | ν2y1
ν1YU ν1YU ν1YU | 0
ν1YU ν1YU ν1Yt | 0
— — — — —
νσc1 0 0 | νχhTχ
 ,
M ′D =
1√
2

0 0 0 | hD 0
0 0 0 | 0 hD
ν2YD ν2YD ν2YD | 0 0
— — — — — —
νσΓD 0 0 | νχk11 0
0 νσΓD 0 | 0 νχk22
 . (43)
The above matrices are diagonalized through bi-unitary transformation of the formmQ =
(OQL )†M ′QOQR , with mQ a diagonal matrix with real and positive values. In order to guarantee
real values, we calculate the squared matrices M
′2
Q = M
′
QM
′†
Q which diagonalize as m
2
Q =
(OQL )†M
′2
QOQL . We find for the up sector the following approximate eigenvalues:
λU1 = mu ≈
(
y1c1νσν2√
2hTχνχ
)
= y1c1
(
ν2νσ
2mT
)
λU2 = mc ≈
ν1
2
√
2
(YU + Yt)
[
1−
√
1 + 4yUtǫUt
]
λU3 = mt ≈
ν1
2
√
2
(YU + Yt)
[
1 +
√
1 + 4yUtǫUt
]
λU4 = mT ≈
1√
2
hTχνχ, (44)
where we consider that νχ ≫ ν2, νσ and define the parameters
yUt =
YU
YU + Yt
, ǫUt =
YU − Yt
YU + Yt
. (45)
The parameter ǫUt ”measures” the level of asymmetry of Yukawa interactions between the
top quark and the lighter ones (charm and up). It is interesting to note that if ǫUt = 0 (i.e.
YU = Yt), we obtain interactions with an exact flavor symmetry between flavors a = 2, 3. As
a consequence, the c-quark becomes massless. Furthermore, the ratio between the mass of
the c- and t-quark is sensible to the asymmetry parameter according to:
mc
mt
≈ −yUtǫUt
1 + yUtǫUt
. (46)
Thus, there is a scenery where the closer are the Yukawa values YU and Yt, the larger is the
difference between mc and mt.
For the down sector we find:
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λD1 = md ≈
(
ΓDhDνσ√
2k11νχ
)
= j12ΓD
(
ν1νσ
2mJ1
)
λD2 = ms ≈
(
ΓDhDνσ√
2k22νχ
)
= j12ΓD
(
ν1νσ
2mJ2
)
λD3 = mb ≈
1√
2
YDν2
λD4 = mJ1 ≈
1√
2
k11νχ,
λD5 = mJ2 ≈
1√
2
k22νχ. (47)
In this case, the ratio between the masses of the down and strange quarks gives:
md
ms
=
mJ2
mJ1
. (48)
Thus, the ratio between the lightest quarks is determined only by the mass splitting of the
heavy quarks J1 and J2. Regarding mu and mb, we find that:
mu
mb
=
(
y1c1√
2YD
)
νσ
mT
. (49)
Considering the central values, the experimental masses of the phenomenological quarks
are [13]:
mu = 2.3 MeV, md = 4.8 MeV, ms = 95 MeV,
mc = 1.275 GeV, mb = 4.65 GeV, mt = 173.5 GeV (50)
Using the above values, the relations (46), (48) and (49) leads to:
yUtǫUt =
−mc/mt
1 +mc/mt
≈ −7, 3× 10−3 (51)
mJ1 ≈ 20 mJ2 (52)
νσ
mT
≈ (5× 10−4) √2YD
y1c1
. (53)
Fig. 4 shows the top quark coupling Yt as function of the light-quark coupling YU accord-
ing to (51), which exhibits two possible solutions which lead to two different mass schemes.
First, the traditional scheme, where Yt/YU ≈ 135.05 is required to fit the experimental
masses, and where small variations of YU imply large variations of Yt. This ratio implies an
asymmetry factor ǫUt ≈ −0.985. Second, we obtain a ”natural scheme” where Yt/YU ≈ 1.03,
which is consistent with a symmetry where degenerated up-type Yukawa couplings is favored,
with ǫUt ≈ −0.015. Fig. 5 shows YD as function of the ratio νσ/mT according to (53), where
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we assume for simplicity that y1 ∼ c1 ∼ YD. We see that large values of YD require small
values of the VEV νσ in relation to the mass of the T - quark. For example, if mT ∼ 1 TeV,
to obtain YD ∼ 0.01 and 0.1, we require that νσ ∼ 70 and 7 GeV, respectively. Finally, we
find from (48) that the large splitting between md and ms is consequence of the existence
of non-degenerated heavy massive quarks according to (52). For example, if MJ2 ∼ 1 TeV,
then MJ1 ∼ 20 TeV to obtain the observable md/ms ratio. Thus, the model predict be-
yond standard model particles that produce as consequence a large mass hierarchy observed
among the SM quark families.
5 Conclusions
Extensions with abelian non-universal U(1)′ symmetry are very well-motivated models which
involves a wide number of theoretical aspects. In this work, by requiring non-universality in
the left-handed quark sector, we proposed a new Gsm × U(1)X gauge model with Z ′ family
non-universal gauge couplings, where two new gauge parameters arise: the Z ′− mass and
the U(1)X coupling constant. By using the experimental limits on Drell-Yan cross section at
CERN-LHC, we found constraints on these parameters at 95% CL, obtaining upper bounds
as shown in Fig. 1. Invariant-mass distributions for top-pair final states were generated using
the Calchep package at 8 TeV c.m. energy at LHC, obtaining Z ′ resonances at mZ′ = 2, 2.5
and 3 TeV for two cases: i.) adjustable and ii.) fixed values of the coupling gX .
On the other hand, with the addition of three exotic quark singlets, one scalar doublet and
two scalar singlets, we obtained a free-anomaly theory with Yukawa interactions invariant
under a global Z2 × U(1)T3 symmetry which predict zero-texture mass matrices for the
ordinary SM quarks with three non-physical massless quarks (u, d, s), and three massive
quarks (c, b, t) at the electroweak scale (GeV). However, if mixing between SM quarks
and the new exotic quarks consistent with the symmetries and the cancelation of the chiral
anomalies are taken into account, the lightest quarks (u, d, s) obtain masses at the MeV
scales. Predictable mass ratios were obtained with few free parameters, and hierarchical
structures arose ”naturally” without large tuning of the Yukawa couplings. These hierarchies
can be understood as follows:
- mu,d,s/mc,b,t : Due to the non-universal U(1)X gauge symmetry and a global Z2 symme-
try, the Yukawa interactions among ordinary matter lead to zero-texture mass matrices
of the up- and down-type quarks. However, since an additional U(1)T3 global symme-
try is required only for the down sector, the mass structure between up- and down-type
quarks is not equivalent: while in the up sector the c- and t-quarks acquire masses at
the scale ν1 ∼ GeV, in the down sector only the b-quark obtains mass at this scale
through ν2. Thus, the three quarks (u, d, s) remain massless. On the other hand, to
cancel the chiral anomalies, three exotic quarks T, J1,2 (and one neutrino singlet (νR)
c)
are introduced. The interactions between the massless and the exotic quarks, provide
masses to the former. These masses are inverse in the heavy quark masses, obtaining
a see saw-type mechanisms: mu,d,s ∼ ννσ/νχ ∼ [GeV2]/[TeV ] ∼ [MeV].
- md/ms : Since the d- and s-quarks acquire MeV scale masses through interactions with
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two non-degenerate heavy quarks J1,2, the ratio md/ms is not one according to (48).
If mJ1 > mJ2 then md/ms < 1.
- mc/mt : Although both c- and t-quarks acquire masses at the scale of GeV, they are
non-degenerate due to the likeness between Yukawa constants in the natural scheme.
Thus, a large ratio mt/mc arises naturally if the top coupling Yt is slightly different to
the other up-type quark coupling YU . Indeed, if the flavor symmetry between families
2 and 3 is exact in the up sector (ǫUt = 0), the charm quark becomes massless and
only the top quark acquire mass.
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Table 1: Ordinary SM particle content, with i =1,2,3
Spectrum Gsm U(1)X Feature
qiL =
(
U i
Di
)
L
(3, 2, 1/3)
1/3 for i = 1
0 for i = 2, 3
chiral
U iR (3
∗, 1, 4/3) 2/3 chiral
DiR (3
∗, 1,−2/3) −1/3 chiral
ℓiL =
(
νi
ei
)
L
(1, 2,−1) −1/3 chiral
eiR (1, 1,−2) −1 chiral
φ1 =
(
φ+1
1√
2
(ν1 + ξ1 + iφ
0
1)
)
(1, 2, 1) 2/3 Scalar Doublet
Wµ =
(
W 3µ
√
2W+µ√
2W−µ −W 3µ
)
(1, 2× 2∗, 0) 0 Vector
Bµ (1, 1, 0) 0 Vector
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Table 2: Exotic non-SM particle content, with n =1,2
Spectrum Gsm U(1)X Feature
TL (3, 1, 4/3) 1/3 quasi-chiral
TR (3
∗, 1, 4/3) 2/3 quasi-chiral
JnL (3, 1,−2/3) 0 quasi-chiral
JnR (3
∗, 1,−2/3) −1/3 quasi-chiral
(νiR)
c (1, 1, 0) −1/3 Majorana
N iR (1, 1, 0) 0 Majorana
φ2 =
(
φ+2
1√
2
(ν2 + ξ2 + iφ
0
2)
)
(1, 2, 1) 1/3 Scalar doublet
χ0 =
1√
2
(νχ + ξχ + iζχ) (1, 1, 0) −1/3 Scalar singlet
σ0 =
1√
2
(νσ + ξσ + iζσ) (1, 1, 0) −1/3 Scalar singlet
B′µ (1, 1, 0) 0 Vector
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Table 3: Vector and Axial couplings for the weak neutral currents Z (SM-type) and Z ′ (non-SM
type) and for each fermion, with i = 1, 2, 3, a = 2, 3 and n = 1, 2
Fermion vSMf a
SM
f v
NSM
i a
NSM
i
νi 1/2 1/2 1/3 1/3
(νi)c 0 0 1/3 1/3
N i 0 0 0 0
ei −1/2 + 2S2W −1/2 4/3 −2/3
U1 1/2− 4S2W/3 1/2 −1 1/3
Ua 1/2− 4S2W/3 1/2 −2/3 2/3
D1 −1/2 + 2S2W/3 −1/2 0 −2/3
Da −1/2 + 2S2W/3 −1/2 1/3 −1/3
T −4S2W/3 0 −1 1/3
Jn 2S2W/3 0 1/3 −1/3
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Figure 1: Superior limit and its 2σ band in the gX −MZ′ plane obtained by comparing the
simulated pp → Z ′ → ℓ+ℓ− cross section and the 95% C.L. bounds found at LHC in the
searching for Z ′ resonances.
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Figure 2: Invariant-mass distribution for three Z ′ mass values: 2, 2.5 and 3 TeV, for gX =
0.19, 0.3 and 0.42, respectively.
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Figure 3: Invariant-mass distribution for three Z ′ mass values: 2, 2.5 and 3 TeV, for gX =
0.19.
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Figure 4: Yukawa coupling relation of top (Yt) and light (YU) quarks compatible with the
experimental ratio mc/mt = 7.35 × 10−3. Both lines show two schemes: the traditional
scheme with Yt/YU ≈ 135.05 and the natural scheme with Yt/YU ≈ 1.03.
24 R. Martinez, J. Nisperuza, F. Ochoa, J. P. Rubio
0.00 0.05 0.10 0.15 0.20
r
0.02
0.04
0.06
0.08
0.10
YD
Figure 5: Yukawa coupling of down-type quarks YD as function of the ratio r = νσ/mT
compatible with the experimental ratio mu/mb = 5× 10−4.
